to explain the circulatory abnormalities that develop in certain persons with congenital cardiac anomalies. Although such vascular changes have been described in some persons with coaretation of the aorta and distal patent ductus arteriosus,1-5 the cause of the pulmonary hypertension in other cases has remained obscure." 6 None of the reported studies of this type of coaretation has included quantitative comparisons of the two major circulatory beds. Such a study should provide useful information about the genesis of the high pulmonary vascular resistance in these cases.
Circulatory abnormalities in this disorder may alter the development of the vascular beds both before and after birth. Before birth, pressures in both sides of the heart may be elevated, as evidenced by the biventricular cardiac hypertrophy found in newborn infants with these anomalies." 7, 8 After birth, since the ductus arteriosus remains patent, the lesser circulation and most of the greater circulation are subjected to a common pressure through a common ejectile force.3 Under these circumstances, at least part of the pulmonary vascular resistance and pulmonary arterial muscle mass developed during fetal life may be retained." 3 4 The current report offers information regarding an abnormal development of the pulmonary vascular bed before birth in such cases. In addition, neonatal changes in both the greater and lesser circulatory beds are quantitated.
Subjects and Methods
Eighteen infants were examined who had coaretation of the aorta proximal to a widely patent ductus arteriosus. Two were stillborn, one at 28
From Figure 2 A ratio reflecting arterial muscle for small arteries from patients with coarctation of the The areas in which normal values9 are found
Discussion
The study suggests that hemodynamic abnormalities exist in the right ventricle and pulmonary circulation during fetal life in infants having severe coaretation of the aorta with distal patent ductus arteriosus. Such infants have an increased pulmonary arterial muscle mass and hypertrophy of the right ventricular wall. These are probably related to right ventricular and pulmonary arterial hypertension. An enlarged right ventricular cavity in many of these infants suggests an increased capacity of that chamber and possibly an increased right ventricular output. It is possible that these changes arise independent of the coarctation but it is more likely that they are related. terations in the left ventricle. It is also possible that the pulmonary arterial changes influence postnatal survival of these infants.
Left ventricular hypertrophy was noted in our stillborn infants and has been reported by others.1' 7The coarctation, developing during fetal life, presumably leads to rises in left ventricular pressure and an abnormal work hypertrophy of this chamber's wall. It is postulated that this hypertrophy reduces the distensibility of the left ventricle, leading to a rise in the diastolic filling pressure of that chamber. A portion of the blood in the common atrial pool that normally passes to the left ventricle during fetal life is presumably diverted to the right ventricle. The consequent increase in right ventricular output might well require an increased capacity and presCirculation, Volume XXIV, October 1961 sure in that chamber. This could lead to the observed changes in the right ventricle and to the increased pulmonary arterial muscle mass. Similar reasoning can be applied to cases in which the fetal output of the right ventricle is increased as a result of premature closure of the foramen ovale. The right ventricle is hypertrophied and dilated in such infants at birth and they have an increase in pulmonary arterial muscle mass. 10 The validity of this hypothesis depends on a demonstration that the prenatal left ventricular hypertrophy may lead to a reduction in the normally large right-to-left shunt through the foramen ovale. Edwards5 has illustrated a related mechanism in certain adults with interatrial septal defect. When the right ventricular wall becomes thicker than the left in such individuals, diastolic filling pressures on the right presumably exceed those on the left, and a part of the blood in the right atrial portion of the common atrial pool is diverted to the left ventricle. Thus, it is possible that ventricular wall thickness and distensibility are sometimes related. From another viewpoint, the increased ventricular diastolic filling pressures that alter the interatrial shunts may be related to early ventricular failure in both Edwards' cases and our own.
In our infants with coaretation of the aorta proximal to a patent ductus, the prenatal pulmonary vascular changes were continued after birth. Smooth muscle about the pulmonary arterial bed did not rapidly decrease as it does in normal infants. During the early weeks it was maintained at the birth level in some cases and at levels intermediate between the birth and normal levels in other cases. This continued abnormal development can be attributed to at least two factors. First, the pulmonary and lower systemic circulations were subjected to a common systolic pressure through the patent ductus arteriosus. Persistence of the fetal pulmonary arterial muscle mass has been attributed to this common pressure."' 5 of the right heart is probably greatly increased in maintaining flow through the lower systemic bed. The poor oxygen supply at the tissue level could be expected to increase the demand for cardiac output with a consequent relative reduction in myoeardial reserve. The work of the left heart may well be increased by the increased pulmonary venous return. In addition, left heart reserve is undoubtedly also reduced by continued outflow obstruction at the point of coaretation. The failure after birth to develop collateral vessels that might bypass the coaretation is presumably an inportant factor in the short survival of these infants.21 Despite these problems, all the hemodynamic abnormalities are apparently reversible following surgical correction.20
Summary
Infants with severe coaretation of the aorta and patent ductus arteriosus develop an increased pulmonary arterial muscle mass and hypertrophy of the right ventricle during fetal life. Much of this arterial muscle mass is retained after birth. The development of the systemic arterial bed is normal during both periods.
